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in a blinded fashion. Because there were variations in the extent of non-compaction, we divided them into the following two types of INVMs: those with extensions from the apex up to the level of papillary muscles (broad extension) and those with lesions located only in the apex (non-broad extension).
The ECG criteria in the present study were as follows: (1) Brugada-like ECG; right bundle branch block (RBBB) or r' with persistent ST segment elevation (≥0.2 mV) in lead V1 and/or V2 followed by a negative T wave or a saddle-back ST-T morphology; (2) deep Q waves: Q wave duration >0.04 s and depth >25% of the R wave voltage; (3) poor R wave progression: R wave voltage in lead V3 <0.3 mV without R wave regression in V1-3; (4) high voltage: S in lead V1 or V2 (whichever is largest) + R in lead V5 or V6 (whichever is largest) ≥3.5 mV; (5) ST elevation: ST segment elevation >0.05 mV in the limb leads and aVR lead or ST segment elevation >0.1 mV in the pre-cordial leads; (6) ST depression: ST junction depression ≥0.1 mV and ST segment horizontal or downward sloping in any of leads I, II, aVL, aVF, or in the pre-cordial leads; (7) T wave abnormalities: T wave inversion except in aVR and V1, flat T (T wave voltage <1/10 voltage compared with R wave in the lead); (8) intra-ventricular conduction disorder: some abnormalities of QRS morphology except RBBB, LBBB and axis deviation; (9) SSS: sinus bradycardia (<50 beats/min), sinus arrest or exit block; (10) axis deviation: frontal plane mean QRS axis < -30° (left axis deviation) or frontal plane mean QRS axis > 90° (right axis deviation).
Statistical Analysis
Data are expressed as mean ± SD. Differences in proportion between the groups were analyzed on chi-square test. Differences with P<0.05 were considered statistically significant.
Results

Clinical Characteristics
Among 24,082 patients who underwent UCG, 187 patients were diagnosed as having INVM (0.78%). Their mean age was 41.3±16.8 years, and 65.2% were male. They visited Tokyo Medical and Dental Hospital for various reasons ( Table 1) : 90 patients (48.1%) for consultation for ECG abnormalities and arrhythmias and so on from other hospitals, 72 patients (38.5%) with some complaints (palpitation and chest pain), and 11 patients (5.9%) for health check-up. It should be noted that 31.0% of the patients visited for evaluation of some ECG abnormalities. Heart failure was observed in 8 patients (4.3%). Funnel chest was observed in 14 patients (7.5%). Their comorbidities included hypertension (n=26, 13.9%), dyslipemia (n=15, 8.0%), ischemic heart disease (n=5, 2.7%), and diabetes mellitus (n=1, 0.5%). A history of thromboembolic event was observed only in 1 patient (0.5%).
A variety of cardiac arrhythmias were observed in their ECG or history: atrial fibrillation (n=9), supraventricular tachycardia (n=5), ventricular extrasystole (n=15), sick sinus syndrome and atrioventricular block (n=4), atrial flutter (n=1), and ventricular tachycardia/fibrillation (n=2 with implanted ICD).
UCG Findings
UCG demonstrated broad extension of non-compaction in 15 patients (8.0%) and local non-compaction limited in apex (non-broad extension) in the remaining 172 patients (92.0%). There were no significant differences in age and sex between the groups ( Table 2) . Their average left ventricular ejection fraction (LVEF) was preserved (approximately 60%) and was not significantly different between the groups.
ECG Findings
On ECG a variety of abnormal findings were frequently observed (Table 3) . Surprisingly, only 46 patients (24.6%) had normal ECG, although this figure should be estimated upon a hospital-based analysis. The proportion of patients with normal ECG was not significantly different between the nonbroad extension (25.0%) and the broad extension group (20.0%).
ST elevation (17.6%) and T wave abnormalities (13.9%) were the most common ECG abnormalities. In addition, SSS and/or atrial fibrillation were frequently observed in 12.3% of the patients, although these ECG abnormalities should be non-specific. Notably, Brugada-like ECGs were also frequently observed in 3.2% of the patients (Figure) , which is remarkably higher than that in the general population. One patient with Brugada-like ECG experienced VF and underwent ICD implantation. There were no significant differences in the incidence of these ECG abnormalities between the non-broad extension and the broad extension group.
Discussion
The major findings of the present study were as follows: (1) a hospital-based analysis showed that INVM was present in 0.78% of Japanese patients undergoing UCG; (2) only 24.6% of these patients had normal ECG findings; and (3) most of the ECG findings were non-specific with an exception of Brugada-like ECG.
In contrast to previous studies that focused upon the morphologic features of the ventricle and the prognosis in INVM, 2-4 the present study was designed to describe the characteristics of Japanese adult INVM. In contrast to child patients, the adult patients were frequently diagnosed incidentally. 6,10, 11 A recent study reported the characteristics of adult INVM (n=78) on a hospital-based analysis. 5 The mean patient age at diagnosis was 42±16 years and 71% were men. The present study with Japanese patients identified a similar patient profile. The prevalence of INVM has been reported at between 0.014% and 0.16%. 2,4, 12 The present study showed a much higher prevalence because of its hospital-based nature, but we should recognize that adult INVM is not a rare disease. 
ECG in INVM
In the present study the common reason for visiting hospital was consultation from other hospitals (56.1%), and most of the patients were asymptomatic. Next, 38.5% of the patients visited for some mild complaints including palpitation and chest pain, although they were not regarded as specific symptoms. A recent study showed that heart failure was the most common presenting symptom at initial evaluation, and it differed to the present study in that only 8 patients presented with heart failure. 5 Moreover, LVEF in the present study was relatively high at 60.2±7.6% as compared with 40.2±18.7% in the previous one. 5 Therefore, adult INVM includes a wide spectrum of patients, from apparently healthy to severely diseased.
Although electrocardiographic changes in adult INVM have long been unknown, several studies recently reported a variety of abnormalities in ECG. 2-6 The majority of the abnormalities have been considered non-specific, and this was also the case in the present study with Japanese patients. While the prevalence of normal ECG was relatively low, the characteristics of the abnormal findings were considered to be non-specific.
The great difference between the past studies and the present one might be the relatively high incidence of Brugadalike ECG. In the present study, Brugada-like ECGs were frequently observed in 3.2% of the patients. The incidence is higher than that in the general population in Japan (0.01-0.70%). 13-15 One patient with Brugada-like ECG experienced VF and underwent ICD implantation. Although there were 6 INVM patients with Brugada-like ECG, the non-compacted areas were located only in the apex in all cases. Transmural voltage gradient across loose endocardium versus normally compacted epicardium, possible ischemia in the prominent trabeculations, or patchy fibrosis, 16,17 and so on, might be attributed, at least in part, to cause Brugada-like ECG. There were not significant differences, however, in the UCG characteristics between the 6 patients and the others in the non-broad extension group, and the number of patients with this Brugada-like ECG was relatively small. Therefore, the mechanisms should be clarified in future larger prospective studies.
Study Limitations
The present study had several limitations. First, there was the retrospective nature of our analysis, which might lead to some inherent potential selection bias. Particularly, patients visiting for consultations from other hospitals would affect the frequency of ECG abnormalities. Second, the number of INVM patients was relatively small. Therefore, the frequency of rare ECG findings could be overestimated or underestimated. Finally, we could not investigate the rela- 
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tionship between the detailed area of non-compaction and ECG characteristics, because most of the patients had nonbroad extension.
Conclusion
Regardless of the limitations, the present study identified the prevalence and ECG findings of Japanese INVM patients in a hospital-based analysis.
